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Abstract 

The composite system, formed by two S = 1 particles, is considered. The 
field operators of constituents are transformed on the (1, 0)0(0, 1) representation 
of the Lorentz group. The problem of interaction of S = 1 particle with the 
electromagnetic field is also discussed. 
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The descriptions of vector particle by Duffin-Kemmer's formalism, Bargmann-Wigner's 
one and canonical formalism, that is Proca's theory, are well known and are perpet- 
ually used. The Weinberg's 2(25 + 1)- component theory for wave function (WF) of 
5=1 particles |]]-[f| is not as popular as it deserves to be. In this approach the WF 
of vector bosons is written as six component column. It satisfies to a single motion 
equation with no auxiliary conditions needed ||: 



JnuPuPu +P 2 + 2M 2 



x) 



0. 



(1) 



where 7^ 's are covariantly defined 6 ® 6- matrices, //, v = 1 . . . 4. 

The 6- component WF's \I/( S=1 ) = are transformed on the (1, 0) © (0, 1) repre- 
sentation of the Lorentz universal covering group SL(2, C) . This way of description 
of the 5 = 1 particle has some advantages, indeed ||. 

Since the explicit form of 7^- matrices is known (see e.g. @), it gives the oppor- 
tunity to transform the above equation into the system of two equations for \ and 



p 2 + 2ip 4 (Sp) - 2(Sp) 2 
p 2 - 2ip A (Sp) - 2{Sp) 2 

In the case of massless particles (M 2 
rewritten in a following form: 

m - (Sp) 
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X + (p 2 + 2M 2 ), 

0) the above equations could be 



= -jr 
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In order to obtain Maxwell's equations for the left- and right-circularly polarized radi- 
ation (see e.g. the Eqs. (4.21) and (4.22) in the paper [lb]) it is necessary to assume[]: 



I (5>> 
I (Sp)x 



E-iH, 
E + iH. 



(4) 



We choose the representation of the spin operator for vector particle as follows: 
{Si)jk = — itijk- Thus, we can find out the physical meaning of the components of 6- 
spinor: 



A k - iA k , 
A k + iA k . 



(5) 



Ak, the pseudovector potential, which is defined from the tensor F a p = ^ap^F^ dual 



In some sense they are just the combination of the well-known vector potential A k and 
Ak, the pseudovector potential, which i 
to the tensor of electromagnetic fieldQ 

1 In fact, the (1,0) © (0, 1) representation is the bivector representation of the SL(2, C) group. A 
bivector can be decomposed in the Pauli algebra as the sum of vector and pseudovector How- 
ever the interpretation of ^ similarly to Ref. [|| generates the second solution of Eq. (1), what is 
undesirable. 

2 This potential was introduced in Refs. [||. 
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We have used earlier 2(25 + 1)- formalism with an aim to find out the covariant 
three-dimensional equal-time equations for the composite systems formed by fermion 
and vector boson as well as by two vector bosons |7J . The equations of such kind, called 
the quasipotential equations, are employed successfully when solving both problems of 
scattering and problems of bound state theory , e.g. when calculating the energy 
spectra of two- fermion bound states ||. The development of non-Abelian gauge the- 
ories and their experimental confirmation (e.g. discovery of W ± and Z°- bosons; the 
data of e + e _ - annihilation into hadrons) induce the investigations of bound states of 
these gauge vector bosons , e.g. the investigation of gluonium. Moreover, the high 
spin hadronic resonances, which will become more accessible at CEBAF, NIKHEF, 
RHIC and other new medium energy nuclear physics facilities, require the adequate 
treatment. 

Now the majority of the authors 



10] considers an interpretation of the gluon as 



the mass particle having the dynamical mass (which is the result of the self-interaction 
of color-charged objects) to be possible. Therefore we suppose below that the gluonium 
consists of mass structural gluons interacting by means of exchange by the massless 
gauge gluon. The scattering amplitude for two interacting gluons has the following 
form in a second order of perturbation theory (we separate the Wigner's rotations): 




3S 2 



2M(A - M) 
{S\A) 2 



M(A + M) 



B 




2(p (A + M)+pA) i 



M 2 
(S 2 Af 



2M(A + M) 



x 



M(A + M) 



+ 2iSi[pxA] 
+ 2iS 2 [pxA] 



Po(A + M) + (pA) 
M 2 

Po(A + M) + (pA) 



M 2 




T 

(S 2 A) 2 
M(A + M) 

(^A) 2 
M(A + M) 



B 



B + 



+ 



C 2 



M 2 



5i[p x A]S 2 px A 



The following notations are used: 



4 A - M 
A = 2+ 3T K ' 



B 

C 



2 A - 

1 - A - 2k -— — 

3 M 



M 



1 + A + 



A -M 



M 



-K. 



(6) 

(7) 
(8) 
(9) 



The quantities A and k, mentioned above, characterize the magnetic dipole and electri- 
cal quadrupole momenta of the particle, respectively. M is the mass of vector particle, 
p is the initial momentum in the c.m.s. and A^ is the 4- vector of momentum transfer 
in the Lobachevsky space. 
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In the quasipotential approach proposed by Kadyshevsky [[□]] all particles are taken 
on the mass shell (even in the intermediate states). In such case (also at A = and 
k = 0) the substitution 

V {2 \p, A) = f®(p, A) U =1 , B=0 , c= i (10) 

should be done in (|S|) in order to obtain the quasipotential in a second order of pertur- 
bation theory. As a result the obtained expression will coincide with the quasipotential 
of two interacting spinor (S = 1/2) particles except for the substitutions: 

' ' a (11) 



2M(A — M) A 

which is a consequence of normalization choice only. This remarkable fact shows out 
the similarity of Dirac's and Weinberg's 2(25* + 1)- component formalisms. 

The relativistic configurational representation (RCR), which is used for description 



of interactions of the spinor particles in [12|, is also applicable to the case of interacting 



vector particles. It is a generalization of x- representation of non-relativistic quantum 



mechanics. The Shapiro transformation [13] should be used in order to pass in this 



representation instead of the Fourier transformation. The same technique as in [8a] 
could be applied to the problem of two gluon bound states. For example, the partial- 
wave equation for the singlet gluonium state could be written as following: 



(M 



„/ 2H,_,)<h /(/•) = {Vc-2V s - \j(J+ 1)V LL ) ^ /('')■ (121 



where Hi is the relativistic Hamiltonian for the Shapiro's plane-waves. 
Vc, Vs, Vls an d Vll m the quasipotential in the RCR, 

V(f; Po ,p) = V C + Vls(LS) + Vs&Sz) + V T S l2 + V LL L l2 + V SP P 12 , (13) 

are the scalar, spin-spin and spin-orbit terms, respectively []. 

By means of the quasiclassical quantization condition (see ||), using information 
about the probable candidates for gluonium (see Table) and employing the various 
model quasipotentials, the gluonium energy spectrum can be figure out, what will be 
presented in more details in the approaching publication. 



3 The matrix elements of the quasipotential in the RCR were presented by us earlier in |Q. We 
are now repeating the calculations of the energy spectrum of gluonium without any approximations 
in these matrix elements. The results will be presented elsewhere. 
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Table. The experimental data for probable candidates for gluonium^. 
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As a concrete application of 2(2S"+ 1)- formalism we present here the Hamiltonian 



for vector particle interacting with electromagnetic field fllql , which appears to be a 
generalization of well-known Shay-Good's Hamiltonian 0: 
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In the Eq. ([TJ]) the vectors 



6 = (S(4i), S( 42 ), E( 43 )" 
5 = i (S(23), S(3i), S(i2) J , 



(15) 
(16) 



constructed from the tensor components T,^ u )(p), 



(17) 



have been used. Here W^ip) is the Pauli-Lyuban'sky 4- vector of relativistic spin, Qq. 
is the quadrupole momentum tensor for vector particle. The vector T^p-S could be 

4 It is taken from l|l5|. 
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considered as a vector of the magnetic momentum for 5 = 1 particle moving with the 
linear momentum p. 

The importance of investigations presented is proved by the fact that although 
the different ways of description of free particles are certainly equivalent, but it is 
not clear a priori that all formalisms will give the same predictions at the presence of 
electromagnetic field. As a matter of fact, they give the different predictions @, |17], |18|1 . 

Finally, the Weinberg's 2(25" + 1)- formalism, which is used in this paper, is very 
similar to the standard Dirac's approach to spinor particles and, therefore, seems to 
be convenient for practical calculations. Unfortunately, in this form it can be used in 
the second order of perturbation theory only, since the theory, based on the Eq. (1), 
has no renormalizability [|J. In our opinion there is still some additional modification 
of this attractive theory which, perhaps, is connected with the introduction of Higgs 
particle. Probably, the spontaneous symmetry breaking will give the opportunity to 
remove the above mentioned shortcoming similarly to the electroweak gauge theory. 

The authors express their gratitude to Profs. V G Kadyshevsky, N B Skachkov, 
Yu F Smirnov, S A Smolyansky, Yu N Tyukhtyaev, S I Bastrukov and A P Topchii for 
extremely fruitful discussions. We greatly appreciate the technical assistance of A S 
Rodin. One of the authors (V. D.) appreciates very highly excellent working conditions 
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